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President-HUGH BURT, M.B., B.Chir., M.R.C.P. [March 8, 1950] DISCUSSION ON THE SIGNIFICANCE OF CONGENITAL ABNORMALITIES OF THE LUMBOSACRAL REGION Mr. J. R. Armstrong: The lumbosacral region is one of the danger spots in the spinal column. It is subjected to forces greater than anywhere else in the body and there is acute -change in the direction of transmission of these forces at this level. The mechanics have been disorganized by the assumption of the upright position. Everyone at some time or another in their life has had some degree of low back pain. The causes of low back pain form a large ill-defined group which is only gradually being reduced to order.
Among the possible causes are the developmental anomalies or variations from the normal which are particularly common in this region. Are these anomalies significant? It is true that they are mainly seen in X-rays of people with low back pain but it is mainly people with low back pain who have their low back X-rayed. They are commonly seen in X-rays of people with no low back pain.
Although there are many such anomalies I think it is possible to classify them in five simple groups. In my view they are not, with one exception, often of significance. GROUP 1.-Failures ofposterior fusion.
Three centres of ossification-one for body and one for each half of neural arch. Failure of posterior fusion produces a spina bifida. This may be a bony defect only or may involve the meninges, the spinal cord or the cauda equina. 1 would suggest that the bony abnormality is never significant and only assumes importance in association with abnormalities of meninges, cord or cauda. GROUP II.-Spondylolysis and spondylolisthesis.
Occasionally in the fifth lumbar vertebra and very occasionally in the fourth or other vertebra each half of the neural arch is formed from two centres of ossification. One centre is responsible for the ossification of pedicle and upper articular facet, the other for the inferior articular facet and the lamina. The line of cleavage passes between the two articular facets.
Fibrous union may occur without material displacement-spondylolysis. Separation may occur with forward displacement of the vertebral body in relation to the sacrum, the inferior facet and lamina remaining in the normal position.
Spondylolisthesis is an undoubted cause for symptoms. These may occur early or late and may be mild or severe. They may be associated with root symptoms due to kinking of the roots of the cauda equina either in their extrathecal or intrathecal course. They may be relieved by exercises and corset or may require fusion. They are commonly found in association with a disc lesion at the interspace immediately above or below the spondylolisthesis. GROUP M.-Abnormalities in the number of mobile vertebrae in the lumbar region.
Normally there should be five mobile lumbar vertebrn. Commonly six or four mobile vertebre may be found. This appearance may be false, due to abnormalities of the lower rib, or true, due to lumbarization of the first sacral vertebra or sacralization of the fifth lumbar vertebra. The presence of four or six vertebra is not in itself significant although AuG.-PHYS. MED. 1 the spine with six mobile vertebra may be more subject to postural strainsi Partial sacralization of the last free vertebra may produce symptoms. The transverse process may be completely or incompletely fused with the sacrum. If completely fused it is probably not important. If incompletely fused a false joint may be formed and arthritis may occur at this joint, and thus produce symptoms. It should be noted, moreover, that the fourth lumbar root or the fifth lumbar root, depending on the level of the vertebra involved, can be in close anterior contact with such a joint and may be irritated by arthritic change. GROUP V.-Abnormalities of the plane of the articular facets.
Normally the articular facets of the upper lumbar vertebrae are in the antero-posterior plane and the lumbosacral facets in the lateral plane. Variations, either unilateral or bilateral, in the plane of the facets are very common. Great importance has been attributed to such variations by certain schools of thought. They are said to be associated with arthritic changes and root irritation in the region of the foramina. This line of thought started with Sicard in 1916, was probably best expressed by Putti in his Lady Jones Memorial Lecture in 1927, is still popular on the Continent and has died or is dying very hard in this country. 1 do not believe that variations in the planes of the facets are an important cause of arthritis or that arthritis when it does occur produces irritation of the roots. Such arthritic changes when seen in association with sciatica are almost invariably secondary to disc lesion at the same level and this disc lesion accounts for the root irritation. GROUP V.-Congenital abnormalities in the discs themselves.
There are small schools of thought both in this country and in America which attribute disc lesions to congenital anomalies of the discs themselves. The supporting evidence for such contentions seems to me insignificant.
Dr. F. Campbell Golding: There are few regions of which less is known as to the clinicaf significance of radiological findings or the mode of formation of some of its abnormalities than the lumbosacral spine. Many lesions appear to be due to the combination of trauma, degeneration and congenital abnormality.
For example, what importance should be attached to the presence of spina bifida of Sacral 1, to sacralization of Lumbar 5, to a narrowed lumbosacral disc, to a unilateral or bilateral hiatus in the pars interarticularis of a vertebra, to osteitis condensans ilii, to calcification, or to the presence of gas in a disc? A spina bifida of Sacral 1 is relatively common. In fact it is so common that a radiologist may not consider it worth mentioning in his report, but some surgeons believe that it is directly related to nocturnal enuresis in adolescents and operations are performed on these patients in some clinics. We examined 100 consecutive films of the sacral spine at the Middlesex Hospital. These were all routine examinations and the patients were adults. It was found that 19 % had a spina bifida of Sacral 1. A series of cases of nocturnal enuresis in children has been collected by Dr. R. E. Glennie at the Hospital for Sick Children. He found that there was a higher proportion of spina bifida in the controls than in the enuretics in a series of 299 children of which 73 were controls. (This work has not yet been published.)
Secondly, does sacralization of a transitional vertebra cause symptoms? Ten or fifteen years ago this was not doubted. I have seen the statement that 50% of patients with sacralization complained of symptoms. At the present time little notice is often taken of this abnormality. I do not know whether a unilateral sacralization causes symptoms but there are three radiological reasons why it may do so. It can be noted that the unilateral sacralization may form a false joint and the margins of this joint are often sclerosed with local lipping, secondly the patient may develop a local scoliosis and thirdly it is not uncommon to find a local protrusion of the disc-not at the site of sacralization but at the disc above it.
What is the practical value of the radiological evidence of a narrowed lumbosacral disc? Firstly, it is of no value when accompanied by sacralization, as this disc is variable in width, and secondly this is a common congenital anomaly-a fact which may not be appreciated by all observers. To demonstrate this point we obtained lateral films of 100 patients sent for barium enemas. Of these, 44 had relative narrowing of the disc. This is obviously of importance if narrowing of the disc is considered to be the first sign of nuclear protrusion. It is therefore of more practical importance to note a slight relative narrowing of the disc of Lumbar 4-5 than Lumbar 5-Sacral 1.
One sees many examples of escape of the nucleus of the disc into the body. It occurs in adolescents in osteochondritis of the spine and also in a rare condition when the epiphyses are unaffected. The latter gives a typical radiological picture as the nodes are symmetrical and affect many bodies.
In adults this common condition is known as the Schmorl's node. A simple rule in diagnosis is that the narrowing of the disc is proportionate to the amount of nucleus which has been lost, and the latter is clearly visible as it is demarcated by a thin layer of compact bone; if this were not present the node would not be detected by radiology. It should be noted that a fracture which disrupts the disc may cause considerable narrowing, and a body may even be split in half by the nucleus pulposus.
The Schmorl's node may be due to a congenital weakness or to degeneration of the disc plate. The minor traumata of daily life are presumably the ultimate factor. It is worthy of note, however, that many of these nodes form in the body beyond the normal boundary of the nucleus pulposus and this is very difficult to explain satisfactorily.
In adolescents and in some adults one can determine the position of the nucleus because it causes a smooth indentation on vertebral surfaces. This finding is very common in adolescents and is of no significance.
In routine work one occasionally sees a similar impression on the disc surface of a vertebra; it appears to be due to the nucleus, but may be near the anterior margin of a vertebra and it is suggested that the nucleus may move within the substance of the disc. At the present time it is usually considered that the nucleus is either in the normal position or-if it has moved-then it presents in the spinal canal as a protrusion. On radiological evidence it appears possible that anteropulsion, retropulsion or lateral displacement of the nucleus can occur. It is possible, also, that this is the explanation of the presence of Schmorl's nodes in the anterior part of the vertebra, the explanation usually offered for this phenomenon being that loose cartilage cells beneath the disc plate have multiplied.
A peculiar feature of calcified discs is that many patients are middle-aged rather than senile. A few are sent to the X-ray Department complaining of pain in the back, but many cases of calcification of the disc are found accidentally. There does not appear to be any reason why this condition should cause symptoms.
The presence of a gas shadow in some part of the disc is more common than one might believe. The shadows are only visible in the lateral film and are often thought to be due to air in the colon. They occur in any part of the disc. They are not confined to the nucleus. They are said to disappear when the patient is upright and to reappear when he lies down. Their mode of formation-like other vacuum phenomena in joints-is said to be by extraction of gas from body fluids, but discs are relatively solid and avascular. It is, therefore, probably safe to say that they are positive evidence of degeneration of the disc.
One of the commonest subjects for discussion at medical meetings is pain in the lower back. In lordosis, one possible cause (which is doubtless in the literature) is the impact of spinous processes on one another. The opposing surfaces of these appendages become deformed and sclerosed, simulating a false joint. It would seem probable that this causes pain, but I have not seen it mentioned.
Osteitis condensans ilii is a peculiar lesion. The most striking feature is the high incidence in women, particularly multipara, but it is also found in women who have not had children and in men. It is often an incidental finding in X-ray departments but it may also cause pain in the lower part of the back. I examined the notes of 17 patients at the Orthopxedic Hospital; of these, 16 were referred to the department for pain in the sacral region. All of these patients were women, the youngest was 20 years and the oldest 58 years; in 5 patients the condition was unilateral. No satisfactory explanation has been offered for the cause of this lesion. This condition resembles the early changes of ankylosing spondylitis and is often confused with this disease, but the two are not related since the spine is never affected in osteitis condensans ilii.
It is possible that the lesion is related to the osteitis of the symphysis pubis which is found after pregnancy and one of these cases suggests this relationship, since the X-ray appearance of the two lesions is almost identical.
In this series there are 80 cases of spondylolisthesis consisting of 56 males and 24 females; these have been collected over a period of ten years. I know two surgeons who set out to discover the cause of spondylolisthesis. Each obtained a large series of cases and applied himself to the problem for a long period, but both confess that they have failed.
There are arguments in favour of the theory that the primary lesion is congenital, and there is the evidence of other congenital defects which are sometimes found with an hiatus in the pars interarticularis, such as spina bifida and defects in the intervertebral facets.
A considerable amount of work has been done to try to demonstrate two centres for each side of the neural arch, but with one exception (Batts, 1939) thiS has failed. The conclusion of these workers is that a double centre which fails to unite is not the cause of the hiatus in the pars interarticularis.
Until a few years ago the traumatic theory was not popular, but recently it has been suggested that the condition is a fatigue or stress fracture.
An examination of oblique films or dried specimens of the spine shows that the pars interarticularis is constant in width throughout the lumbar spine, or becomes progressively wider from Lumbar 1 to Lumbar 5, and as the latter is relatively short, it is therefore comparatively strong. It can also be seen by close examination of routine oblique films that this finding is subject to variation. In some individuals the isthmus varies in width in different regions and it may become progressively narrower from Lumbar 1 to Lumbar 5. It is suggested therefore that the basic fact in causation of spondylolisthesis is a congenital variation in the width of the isthmus and it is the thin isthmus which breaks.
The radiological evidence of oblique films often suggests that the lesion is a fracture; it has not the smooth edges of a congenital anomaly. The fact that callus does not form at the site is understandable since callus does not occur in other vertebral injuries. A fracture of this region, which was discovered immediately and treated, has been reported recently, and the films show that bony union occurred (Roche, 1948) . It is known that a vertebra may slide forwards or backwards although there is no break in the pars. The forward displacement is as great as that of a first or even second degree spondylolisthesis and is caused by degeneration of the disc, but it has also been stated that it is due to overriding of the facets. This condition occurs in older patients, in this series all were over 50 years of age and the distribution in the sexes was approximately equal. The direction of displacement is influenced by the normal lumbar lordosis and the displaced body tends to move backwards in the upper and forwards in the lower lumbar spine. This condition is more common at the level of Lumbar 4-5 than at Lumbar 5-Sacral 1. Willis (1935) said that reversed spondylolisthesis was an optical illusion at Lumbar 5-Sacral 1. It is true that it may be an optical illusion at this level and due to faulty X-ray technique, but it also occurs as a fact.
It is probable that abnormal mobility of a vertebra is the most common cause of symptoms in this condition and in the true spondylolisthesis. This suggestion is based on the analogy of the tuberculous joint. The latter may heal with fibrous ankylosis retaining a few degrees of painful movement. In the same way the slight movement of a vertebra may cause pain. This abnormal mobility can be demonstrated by lateral films in the upright position. These are taken in full flexion and full extension. In a proportion of cases and depending upon the efficiency of the manceuvre, the vertebra can be rocked forwards and backwards, but the extent of the movement is slight.
In conclusion, I have tried to show that the importance of radiological findings in this region is very difficult to assess. The only method of uncovering facts is by the examination of large series of patients and by improvement in radiological technique, and in this respect many advances have been made in the last few years. Mr. Harvey Jackson: In enquiring as to the significance of these structural abnormalities we have to consider the parts played by the defects as well as the implications in respect of other structures. The associated misalignments of the spinal axes must throw odd stresses and strains on soft structures as on articular surfaces appertaining to the spinal column. Apart from these demonstrable structural defects their very presence suggests that yet other developmental anomalies may exist if not in the spine then in other parts of the skeleton. A spina bifida occulta may be all that is revealed on X-ray but in more extensive defects of the nature of spina bifida due implications of associated deformities must be considered. Indeed it is most important before any operative reconstruction of these defects is undertaken to be assured that the spinal lesion is not just a part of more complex developmental abnormalities affecting the cerebrospinal axis. It is certainly disconcerting for an operation on the spine to be succeeded by a state of progressive hydrocephalus. The relatives of a patient so operated are apt to assume a rather blameworthy attitude towards the surgeon.
The diagnosis of disc protrusion has been established for only fifteen years or thereabouts. Yet it is forty years since Goldthwaile of Boston proposed such a lesion as a possible source of many cases of pain involving the back and the lower limbs. How do we account for such delay? It would appear that the problem of arriving at a true concept is sometimes obscured in the differentiation of cause and effect. The use of the terms "sciatica" and "sciatic scoliosis" by neurologists and orthopTdic surgeons has diverted attention towards the lower limb thus veiling the spine as the primary source of the disorder. Another difficulty presented by the clinical state of certain disc protrusions has arisen from a misunderstanding of particular root phenomena. e.g. the occurrence of depression of the knee-jerks with some disc lesions situate between the fourth and fifth lumbar vertebra. Herein we must not hold too rigid a definition of the distributions of particular nerve roots. Pre-and post-fixation is to be applied to the lumbosacral plexus as with the brachial plexus. Indeed it is my personal opinion that three quite different outlines of the surface distribution of the fifth lumbar root can be delineated in accordance with the conformation of the spine in terms of normality lumbarization or sacralization.
The presence of Schmorl's nodes not uncommonly is met by radiological reports of nuclear herniation into the vertebral bodies. One wonders what is the true status of these formations, certainly there is little proof available that herniation is their true mode of formation. It is my opinion that such regular shadows imply incomplete development and their very existence indicates the feasibility of the presence of yet other structural abnormalities. Furthermore, it would appear that the presence of one form of structural defect in the spine is supportive evidence of a diagnosis of disc protrusion where evidence of a focal lesion is clinically recognizable. A high proportion of radiographs of the lumbosacral spine of patients proved at operation tq be victims of disc protrusion show one structural defect or another, e.g. spina bifida, articulated transverse processes, lumbar ribs, Schmorl's nodes, &c. That Schmorl's nodes in themselves ever give rise to any clinical disturbance is not appreciated. Reference has been made to collapse of intervertebral spaces as confirmation of the presence of disc protrusions. It seems to me that such disclosures are dubious forms of corroboration. So often does one see reduction of the space between the fifth lumbar vertebra and the first piece of the sacrum that unless the clinical picture envisages a protrusion at that particular level the radiographic appearances should be discounted. When the clinical diagnosis is determinable with some degree of certainty it is not uncommon to see a wedging of the affected disc, the wider side of the wedge appearing on the side of the lesion.
When the causation of disc protrusion is under consideration trauma is generally held to be an important factor. That trauma is a precipitating factor in an attack of lumbosciatic pain is without doubt but the intensity of the trauma is usually almost insignificant, e.g. bending to tie a shoe-lace, reaching to take something from an elevated shelf. How such a limited force could bring about enough distortion of the spine to extrude intervertebral disc tissue is difficult to appreciate. Moreover not infrequently one meets with a case of a typical "Disc" the first notification of which occurs when the patient is restricted to bed with an influenzal attack or other acute febrile illness. Again the symptomatic development during pregnancy is undoubted. What is the mechanism of action of these several quite different precipitating factors? Surely we must consider the possibility of a pre-existing lesion that undergoes some precipitating change arising out of trauma, toxaemia or endocrine effects. Could it not be that a disc protrusion is a structural defect of developmental origin? The demonstration radiologically of associated structural defects of the lumbosacral spine or of the general skeleton would then afford proof of the state of structural abnormality in the particular patient and support a suspicion of other lesions of like origin.
Dr. Campbell Golding has referred to rarefied areas in the discs due to the presence of gas. One wonders if these are not the outcome of cavitation within the discs? Throughout life there appears to be some tendency for cavitation to take place for one reason or another. It would appear that several processes are responsible, varying with the different decades of life, hence cavitation is prone to increase with advancing age.
Dr. H. W. Gillespie: An accurate assessment of the frequency and significance of lumbosacral abnormalities depends on figures obtained from large-scale investigations. Brailsford (1929) examined 3,000 spines and found 26.4°/ developmental irregularities but from his selection of cases, one is not justified in regarding this as the normal incidence of congenital abnormalities in the lumbosacral spine. Gillespie (1949) examined, at St. Peter's Hospital, Botleys Park, the lumbosacral spines in a series of 500 laminectomies for disc protrusion and compared them with a series of 500 normal spines. The disc lesion series revealed 34 2% lumbosacral abnormalities, either in the form of a transitional lumbosacral -vertebra, alteration in the number of lumbar vertebra, or spina bifida, whilst only 8-8 % of irregularities were found in the normal series. The discrepancy between these two figures has a bearing on the significance of congenital abnormalities. The last few years have produced a change in our outlook on the causation of backache, largely through the realization of the importance of disc lesions. In the light of these advances, the presence of congenital malformations in the lumbosacral spine assumes a new role. Although congenital malformations themselves are not the cause of backache, they appear to predispose to disc protrusions. Recent work on discs suggests that there may also be a relationship with a congenitally abnormal nucleus pulposus. It would therefore be wrong to isolate lumbosacral bone irregularities from concomitant abnormalities in the soft-tissue structures. The osseous defect, however, is most readily demonstrated in the radiograph.
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Dr. B. Freedman: Congenital absence of part or whole of the sacrum and coccyx is rarer by far than any of the abnormalities to which reference has already been made, only 45 cases having been reported (Freedman, 1950) . The condition is one of great interest from the embryological point of view. It is associated with agenesis or hypoplasia of the corresponding spinal nerve roots and of the muscles supplied by them. There is consequently marked wasting or absence of the muscles of the buttocks and legs (L.5-S.1), and perineum (S. 2-5). Clubfoot, urinary incontinence, or abnormalities of the viscera are commonly present. The last are almost all confined to the genito-urinary system or rectum. Walking is usually possible. The condition may be commoner than the number of recorded cases suggests, and I would urge that the sacrococcygeal region be X-rayed in all casesof congenital deformity of the lower limbs, of the genito-urinary system or ano-rectal region.
[X-rays were shown of a case in which there was absence of the vertebral column below the level of the second sacral segment.] REFERENCE FREEDMAN, B. (1950) Brit. J. Surg., 37, 299.
Dr. E. J. Crisp: It should be obvious that congenital abnormalities in the lumbosacral region diminish the factor of safety and thus predispose to disc lesions.
Normally, the fifth lumbar vertebra nestles snugly on the sacrum between the iliac crests, stabilized laterally by the powerful ijiolumbar ligaments, and protected posteriorly by the strong lumbosacral interspinous ligament.
Thus, spina bifida occulta of the first sacral segment, especially when the spinous process is rudimentary and unattached to either lamina, deprives the lumbosacral disc of one of its main protective components. Likewise, when the fifth lumbar vertebra is sacralized (i.e. fused to the sacrum) so that there are only four lumbar vertebrx and the L.4-5 joint becomes in effect the lumbosacral joint, the lowest mobile lumbar vertebra is perched above the iliac crests and accordingly deprived of the important stabilizing effect of the iliolumbar ligaments. It is easy to see that this arrangement must render the lumbosacral joint vulnerable to strain. Though a sacralized fifth lumbar transverse process may cause pain on the side of the sacralization, it more often leads to a contralateral lumbosacral disc lesion. The false joint between the abnormally large transverse process and the sacrum appears to interfere with the normal mechanism of rotation at the lumbosacral joint, and acting very much as a hinge causes undue torsion to the disc on-the contralateral side.
In similar manner abnormalities in the arrangements of the apophyseal joints, whereby one is in the anterolateral and the other in the transverse plane, must contribute to disc lesions by limiting movements in certain directions in the affected intervertebral joint, and thus interfering with the mechanical efficiency of the lumbar spine as a whole.
Spondylolisthesis it is self-evident must subject the affected disc to very considerable distortion with its consequent effects.
Dr. Kenneth Lloyd showed the X-rays of a man aged 48, a traffic inspector, who had been complaining for the past nine months of pain of L. I distribution on the left side which was worse after standing at his work and eased by rest. There was no history of trauma.
The X-rays showed a loss of continuity of the pars interarticularis of the first lumbar vertebra on the left and a similar loss of bony continuity across the right inferior facet articulation of L.2. It was thought that these appearances were not due to fractures, but a failure of union of abnormal centres of ossification.
It was suggested that this man was a future candidate of spondylolisthesis, of which there was no evidence at present, and that these findings were supportive evidence of the congenital origin of this deformity.
